Patients' satisfaction while receiving medical service is affected by whether or not their preferences can be met, including time and physician preference. Due to scarcity of medical resource in China, efficient use of available resources is urgently required. To guarantee the utilization ratio, the scheduling decisions are made after all booking information is received. Two integer models with different objectives are formulated separately, maximizing the degree of satisfaction and revenue. The optimal value of the two models can be considered as the bound of corresponding objectives. However, it is improper to implement any of the extreme policies. Because revenue is a key element to keep the hospital running and satisfaction degree is related to the hospital's reputation, neither the revenue nor the satisfaction can be missed. Therefore, hospitals should make a balance. An integrated model is developed to find out the tradeoff between the two objectives. The whole degree of mismatching that is related to patient satisfaction and other separate mismatching degree are considered. Through a computational study, it is concluded that based on the proposed model hospitals can make their decisions according to service requirement.
INTRODUCTION
The healthcare system is facing an increasing pressure to satisfy more and more demand especially when an aging society is coming. A good design of the appointment system can increase utilization of facilities, cut waiting time for patients, and then improve patients' satisfaction. However, there are a number of variables in patients' arrival and service processes, which make outpatient scheduling complicated. Gupta and Denton (2008) summarize appointment research in the healthcare system and discover some challenges that affect the efficiency of the system. One of the challenges is patient preferences. After that, there are some papers focusing on appointment scheduling with patient preference of choices, such as Gupta and Wang (2008) , Wang and Gupta (2011) , and Qu and Shi (2011) . However, these researches focus on the western system which is comparatively well-developed, while little study is conducted on the healthcare system in China that has more pressure. An overview of healthcare system is as follows. According to the statistics from the Ministry of Health of China, the number of visits to health institutions in 2011 approached 6.3 billion, a 7.4% increase over 2010. Another figure from China Statistical Yearbook (2011) says that there are only 2.24 medical technical personnel in healthcare institutions per 1,000 persons. Therefore, the healthcare system in China extremely short of resources while demand for medical care keeps increasing. Due to the poor condition in healthcare, the medical quality goes down, which makes medical treatment disputes rise year by year. Since it is hard to improve the condition in a short time, it is essential to use healthcare resource effectively, promote medical quality and improve patient satisfac-tion. The objective of this paper is to develop a framework for outpatient scheduling considering patient preference to improve healthcare service in China This work mainly focuses on appointment scheduling in outpatient department (OPD) in China. Because of the difference between the healthcare system in China and Western countries, OPD in China also faces a different situation. Gupta and Denton (2008) summarize three different healthcare environments in the Western primary care clinic, specialty care clinic, and hospital. In the West, most people go to a clinic near where they live when they get sick. If needed, they are introduced to a hospital. The clinics near the communities greatly alleviate the pressure for the hospital. However, things are so different in China where many people want to go to the hospital directly. As a result, the hospital becomes very crowded, especially for some prestigious hospitals. To some extent, OPD in China is like the primary care clinic referred in the paper. However, there are some points making the two different from each other. First, in China, most of physicians in OPD are also the physicians in inpatient department. Therefore, physicians of OPD are different every day. They are in OPD on a fixed day of a week. For example, a physician may be in OPD on Monday every week and in inpatient Department on other days. As a result, when a patient prefers a particular physician, he/she must wait for at least a week if he/she fails to see the physician. Second, in primary care clinic, people have a designated physician, so called primary clinic provider (PCP) (Gupta and Denton 2008) . Patients have a degree of loyalty toward their own PCP. Patients go to their PCP whatever is wrong with them. However, in China, people believe that different hospitals are good at dealing with different diseases. They tend to go to a hospital which specializes in that disease they get. Third, in most cases, primary care clinic is closed to patients' home. Whereas people in China are willing to go to a hospital far from their home if the hospital is well-known. Therefore, in China, patient preferences are based mainly the reputation of a hospital or a physician, and scarcity of resource, not loyalty. Besides, under the healthcare environment in China, it is very important to satisfy patient preferences.
In China, the appointment system is not developed sound. Since the hospital faces more and more pressure in recent years, Ministry of Health required hospitals to build the appointment system in 2009. By now, patients who want to see experts (senior physicians) must make appointments, because experts are scarce. So this paper will focus on the appointment system for experts.
With the special healthcare environment as background, this paper mainly discusses the appointment scheduling problem in OPD. With revenue and preference satisfaction as objectives, static models based on integer programming are developed. The main contributions of this paper are as follows:
• This paper not only attaches importance to physician preference, but time slot preference. For some patients with a strict scheduling, they might want to finish a treatment within a particular time slot. Considering the two difference preferences, so-called twodimensional preference, patients are classified into four categories.
• Two measurements for outpatient scheduling are developed, preference satisfaction and revenue.
• The relationship between the two measurements is studied. The tradeoff between the two objectives is illustrated through a computational study.
The remainder of this paper is organized as follows: in Section 2, we review the related literatures. In Section 3, appointment processes under the healthcare environment are introduced. Then appointment models based on integer programming are formulated. In Section 4, the relationship between revenue and different types of mismatching degree are discussed through computational study. Finally, conclusion and future work are provided in Section 5.
LITERATURE REVIEW
Appointment scheduling is to make patient get access to medical services efficiently and timely. It has become a hot research topic in recent years. The two review articles by Cayirli and Veral (2003) and Gupta and Denton (2008) provide a broad information and review of this research area. Gupta and Denton (2008) point out that how to meet patient preference will be a part of the next generation of appointment scheduling system.
Before studying patient preferences in healthcare industry, some researchers have studied preference when customers pick up commodities, such as Zhang and Cooper (2005) , Talluri and Van Ryzin (2004) and Gosavi et al. (2002) . A handful of researchers have begun to concentrate on appointment scheduling with patient preferences. Some authors apply some mature revenue management theory to appointment scheduling directly. However, Gupta and Denton (2008) point out that there are two kinds of differences. First, the patient choice is affected by various factors, such as provider, date, time of the day. Second, price fluctuation usually is not a feasible method to control patient choice. Patient preference is first modeled explicitly by Gupta and Wang (2008) To some extent, it is a significant progress in appointment scheduling research for healthcare service. Patient choice in their paper includes his/her preferred physician and the convenient time he/she would like to arrive. Patients are divided into two categories: regular patients who call with the lead time bigger than one day, and same-day patients who arrive at the start of the workday. Patients can switch their choice if the preferred time slot or physician is not available. Wang and Gupta (2011) develop an adaptive appointment system, which can dynamically learn and update patients' prefAn Integer Programming Formulation for Outpatient Scheduling with Patient Preference Vol 13, No 2, June 2014 , pp.193-202, © 2014 erences. The patients who want to book a block have an acceptable set, in which scheduler should choice a block to appoint for the patient. It is claimed that the adaptive system will be a framework for the design of the next generation of appointment system. Vermeulen et al. (2009) combine patient preferences and the urgencies. Dynamic rules are proposed for urgent needs. Since it is hard to put values on preferences, a Boolean-type model is proposed, in which a patient is assigned either to a preferred time slot or non-preferred time slot. In Feldman et al. (2012) , patient preference is referred to the preferred arrival time. The service provider dynamically makes decisions that which working days should be available for the appointments. Both static and dynamic models are developed, depending on whether the current state of the scheduled appointments is considered. Besides, scheduling problem can be divided into two broad categories, online and offline problem. Online systems deal with sequential scheduling. Without complete information of the future, they estimate the situation of future system and build dynamic programming models. Offline systems deal with scheduling problems with complete information and can make decisions after all appointments are available. However, the static system cannot be considered as job-shop problem, because patients who have choices and preferences cannot be seen as parts. Godin and Wang (2010) proposed a linear agent-based scheduling system in which the available slots might be changed. There are several stages of iterations. Diagnostic services agent implements the first iteration after patients provide a bundle of acceptable slots. Some patients may not accept the given result and hope a better arrangement. Besides, some patients may cancel appointment, so some occupied slots become available. Therefore, iteration is needed. Zhu et al. (2012) considered outpatient scheduling problem as a group role assignment problem. They developed linear programming model to found an assignment scheme in order to maximize priority value. If the available slots change, patients will be asked to give bidding for bundles of time slots. Based on patients' responses a new rescheduling will be made. Burke et al. (2011) present a new integer programming model to resolve real-world radiotherapy treatment scheduling. Without attempting to predict the patients who will arrive in the future, a myopic approach is evaluated. In this paper, we focus on an offline scheduling problem, considering the special healthcare environment in China.
There are various methods to model appointment system states. Lin et al. (2011) discuss sequential clinical scheduling problem with no-shows. Patients are categorized according to their no-show rates. Physicians' working hours are divided into several time slots. It is possible that there are more than one patient in a slot. Different physicians are not distinguished. In Gupta and Wang (2008) , system state is constituted by several physicians and some time slots. A two-dimensional system state is considered, which makes the problem more complicated. However, each time slot can only allow one physician. In this paper, the modelling in Gupta and Wang (2008) is used.
Another important point in appointment scheduling problem is how to evaluation the proposed appointment system. One main objective is to minimize waiting time. Kunnumkal and Topaloglu (2010) implement various scheduling rules to minimize waiting time of patients and idle time of service provide in a dynamic environment. Klassen and Yoogalingam (2013) design an appointment system considering service interruptions and physician lateness. The purpose is also to reduce waiting time of patients and increase utilization of physicians. Robinson and Chen (2003) propose an appointment system to balance the patients' waiting times and the doctors' idle time. Another main objective of appointment system is to maximize profit/revenue. The papers that try to maximize profit/revenue of a clinic often consider patient behaviors, such as patient preferences (Feldman et al., 2012) , patient choices (Gupta and Wang, 2008) , no-shows (Liu and Ziya, 2014) . To some extent, reducing waiting time of patients and idle time of physicians is equivalent to increasing revenue. In this paper, the objective is also to maximize revenue. However, the revenue is this paper is greatly related to patient preferences.
MODEL FORMULATION

Appointment Process
In our model, patients can make appointments through telephone or Web-based interface, which can record patient preferences. As with the work in Zhu et al. (2012) , we assume that all the appointment scheduling decisions can be made after all the appointments have come and before service process. Patients with independent preference can arrive punctually or before the appointment time. In the system, there are I physicians, each of who has several blocks every day. Each block can be divided into several time slots. The length of slot in our system is fixed in advance. Physician can finish service within every time slot.
When patients make their appointments, they often have their preferences. It is assumed that each patient just has at most one preference. In this paper, preference of patient can be categorized into four kinds: timedominated preference, physician-dominated preference, strong preference, and weak preference. If patients are very busy in their work or something else, they might pay attention to when they can see a doctor, who can be considered as time-dominated patients. They do not care which physician will serve them. In contrast, for physician-dominated patients, they just care which physician will treat them, rather than when they can see the physician. In practice, there are two main reasons why they prefer a particular physician. First, patients who are re- turn visit for the treatment may see their previous physician according to doctor's advice. Second, a physician in the hospital may be very famous. Patients mostly believe that famous physician is more helpful for their recovery. As for patients with strong preference, they have time and physician preferences, while patients with weak preference they care neither time nor physician. Generally, the condition of patients who have weak preferences is comparatively less serious. In addition, since no emergency patients are considered in our model, nonarranged policy is permitted if the penalty of non-arranged patient is less than the expected revenue coming from empty blocks.
Revenue-Based Mathematical Model
In this subsection, we propose an integer programming model with maximal revenue as objective. Some notations are shown in Table 1 . In our model, revenue is related to the efforts paid by physicians in the department. In our system, the efforts depend on preference of patient. For patients with physician preference, they mostly are return visitors. Apparently, patient-physician mismatching can decrease revenue according to O'Hare and Corlett (2004) . One reason is that physicians may spend a lot of valuable time on reading and checking materials of unfamiliar patients (Gupta and Wang, 2008) . As patients with time-slot preference, the department can get more revenue if the patients can be served after their preferred time, because patient can have more time to be familiar with materials of patients. To simplify our model, c nij is used to describe the revenue if patient n is arranged into time slot j of physician i (physician-slot combination (i, j) 
A revenue-based integer programming model (Model I) is formulated as follows. 
. . 
The objective of this model is to maximize revenue, including revenue of service, revenue of closed blocks, and the loss of refusing patient. Expression (2) means every patient should be arranged into a slot. Expression (3) means at most one patient can be arranged into a slot. Expressions (5) and (6) are binary constraints.
An June 2014 , pp.193-202, © 2014 Expression (4) is used to judge whether a block is closed or not. If slots in a block are all closed, the physician can available for other service, such as, surgery, service for inpatients. Therefore, it is possible to close some blocks to save recourse, gaining more value revenue. Based on this idea, we have to judge which blocks are empty, that is, whether any x nij in the block is zero or not. That is, ( ) 
So a linear expression can be written as follows.
( )
Another method is to judge whether the sum of number of patients arranged into a block, Bertsimas and Tsitsiklis (1997) , p. 461-463), Formulation (7.2) is more efficient.
Mismatching-Based Mathematical Model
Aside from revenue maximization, another objective is to maximize the degree of matching between patient preference and arrangements, i.e. minimize the degree of mismatching. We assume that the degree of matching is proportional to patient satisfaction. This degree includes two dimensions, time and physician. Let i n be the physician preference of patient n, and j n be the time slot preference of patient n. Patients with time slot preference are supposed to be convenient at that prospective time. Any deviation can result in being uncomfortable to some extent. As for patients who have physician preference, their satisfaction degree is associated with the degree of physician matching. It is rational to assume that the different physicians in the department have different attributes. For example, different physicians have different special talents. Take the OPD in a cardiovascular hospital for example. A physician may be good at coronary disease, while another one may specialize in cardiac failure. If patients cannot see their preferred physician, their satisfaction can decrease. It should be pointed out that this kind of inconvenience does not necessarily impact the actual quality of service.
An integer programming model (Model II) with mismatching-based measurement is formulated as follows.
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In this model, X ni equals to one if patient n is arranged to physician i and equals to zero otherwise. Y nj equals to one if patient n is arranged to time slot j and equals to zero otherwise. Expression (8) is to minimize the average degree of mismatch, including time slot mismatching and physician mismatching. Expression (9) means that if patient n is arranged to a combination (i, j), we use X ni describe that patient n is arrange to physician i. Expression (10) is to guarantee that one patient only can be arranged to one physician. Expressions (11) and Fung: Industrial Engineering & Management Systems Vol 13, No 2, June 2014, pp.193-202, © 2014 KIIE 198 (12) have the similar function. Expressions (13) are binary constraints. Let us name the result of Expression (8) is the total degree of mismatching. Similarly, we can get the expression of mismatching degree of each type of patient. 
COMPUTATIONAL STUDY
In order to evaluate our model and test the relationship between the two objectives, maximizing revenue and minimizing the degree of mismatching, experiments are run simulating all calling of appointments for a day. Some environmental parameters are set as follows. There are five physicians, each of which has six blocks in a day. Each block has four slots in it. So under this scenario, the capacity of the department is 120. That is, the department can serve 120 patients each day. Overtime is not permitted in our experiments. It is assumed that there are precisely 120 appointments, constituted by uniform number of each type of patients. Preferences are randomly generated. Revenues from each patient are normally distributed. IBM ILOG CPLEX Optimization Studio V12.4 is used to resolve all models. The computational environment is I5-2400 CPU 3.10 GHz, 4.00 GB RAM, Window 7 Enterprise Edition.
Bounds
If we just consider revenue objective, it just needs to achieve an optimal solution of Model I. This maximal value should be the upper bound of revenue of scheduling. Similarly, minimal solution of Model II should be lower bound of mismatching degree of scheduling.
From Model I, the maximal revenue we can get is 2470.3, and corresponding mismatching degrees of patients with different preferences are shown in Table 2 . This model can be resolved within 220 ms. It shows that the mismatching degree of the patients with strong preference is largest. It is understandable because they have more preference than other patients and it is harder to satisfy the strong preference.
On the other hand, from Model II, the minimal mismatching degree is 0.0097, which should be the lower bound of mismatching degree, and related revenue is 2215.3. This revenue, compared to maximal revenue, is less almost 10%. Actually, we do not take the two extreme policies. If hospitals just want to maximize the revenue, neglecting patients' satisfaction, they will lose reputation and at last lose their revenue. Therefore, some policies considering both revenue and preference satisfaction should be taken. The two models with different objectives should be combined.
Revenue and Mismatching Degree
Revenue and total degree of mismatching
In this subsection, we will build an integer model which objective is to minimize revenue with total degree of mismatching as a constraint. The method we use is to add Model II into Model I. The first step is to let the objective of Model II be less than some threshold C, formulating a new model (Model III). We can adjust the threshold to see how the revenue changes. 
Actually, if C > 0.304, the first constraint of Model III will not work. The new constraint means the mismatching degree must meet some requirement. That is, the OPD wants to improve service level through satisfy An Integer Programming Formulation for Outpatient Scheduling with Patient Preference Vol 13, No 2, June 2014 , pp.193-202, © 2014 more patient preference. On the other hand, sometimes, OPD cannot meet the patients' preference at a high level, even at the level where the maximal revenue can be gotten. For example, in our experiments, the degree of mismatching has to be more than 0.304. In this scenario, we should try to get maximal revenue under a high level of mismatching. Therefore, the model should be modified a little. That is, the first constraint of Model III should be rewritten as follows.
Combining the two different scenarios, revenues and related degree of mismatching can be achieved by changing the first constraint (See Table 3 ).
Based on the data of Table 3 , the relationship between revenue and total degree of mismatching is shown in Figure 1 . This figure tells that revenue increases in total mismatching degree first, and then decreases after going through extreme point. Besides, when we try to satisfy more preference, the revenue can decrease dramatically. The shape of the curve beside the extreme point is comparatively flat, which means that mismatching degree can decrease largely through decreasing revenue slightly. For example, when the degree of mismatching goes down from 0.401 to 0.2 (go down 50%), the revenue just changes within the range from 2465.778 to 2459.410 (0.3%).
Other information can also be gotten from data shown in Table 1 . Figure 2 shows the relationship be- Fung: Industrial Engineering & Management Systems Vol 13, No 2, June 2014, pp.193-202, © 2014 KIIE 200 
Revenue and mismatching degree of patient with strong preference
Patients with strong preferences should be the most important customers of hospital, who have highest priority. Therefore, we need to study the relationship between revenue and the satisfaction of strong preference. The method is to replace the total degree of mismatching (the first constraint of Model III) by mismatching degree of type 3. Following the same step of last subsection, we can get some data about revenues and related degree of mismatching (shown in Table 4 ). The maximal revenue is still 2470.332, and corresponding total degree of mismatching degree is 0.304. Then the relationship between revenue and mismatching degree of type 3 is shown in Figure 3 . In Figure 3 , when preference type 3 patients are almost satisfied (That is, mismatching degree of type 3 patient is zero), it needs to decrease satisfaction of other types to increase total revenuee, which causes that the mismatching degree of types 1 and 2 gets maximal value. At the beginning (from 0 to 0.2), mismatching degree of types 1 and 2 decreases greatly, almost 20%. It is more interesting that the shape of neighborhood of extreme point (0.521) is comparatively flat. Meanwhile, the shape of neighborhood of extreme point in Figure 4 is also comparatively flat. Therefore, we can get the conclusion that preference satisfaction of type 3 can be increasing greatly without decreasing satisfaction of other patients and revenue.
CONCLUSION AND FUTURE WORK
In this paper, integer models are developed for the appointment scheduling in OPD under the background An Integer Programming Formulation for Outpatient Scheduling with Patient Preference Vol 13, No 2, June 2014 , pp.193-202, © 2014 of healthcare system in China. Patient preferences are considered to improve satisfaction during medical service. Integer models with different objectives are formulated separately, through which maximal revenue and minimal degree of mismatch can be achieved. However, in most cases, hospitals will not implement the two extreme policies. Therefore, the tradeoff between the two objectives is studied. How different kinds of mismatching degree affect revenue is simulated. According to the results of these simulations, the hospital can take the appropriate policy based on the requirement of revenue or patient satisfaction. It is important to note that this static model can be applied only when patients can accept the appointment mechanism that the appointment result can be given after a while. Because medical resource is scarce in China, it is very important for the healthcare system to work efficiently. Accordingly, patients in China care more about the service quality than the appointment process, the late reply policy can be suitable to China's healthcare system. Some future work should be done to expend this work. First, the model presented in this paper is limited because it just considers the appointment problem in a separate workday. Though the maximal objective can be achieved through the booking process, it does not guarantee that the scheduling is optimal for a long run. For example, patients whose preferences cannot be satisfied on a day may be willing to book a time slot on another day. Therefore, a model dealing with appointment scheduling within a period should be developed in future. Second, a sequential appointment scheduling model with evaluation standard in this paper should be developed. Sequential model might not get the optimal solution. However, it can respond to patients' requirement quickly, which is comfortable for the booking process. Comparison between the sequential model and the static model should be made. Hospitals can make use of the results to decide which policy they can take. Third, in this paper, a time slot only can allow one patient. In this setting, if a patient is late for the healthcare service or does not go to the hospital according to the appointment time, the physician will waste time. Hence, some healthcare institutes let a time slot allow more than one patient, which, of course, is longer than that in this paper. However, if several patients arrive at the same time, waiting time will generate. Therefore, how to balance the waiting time and the service efficiency should be studied. Finally, how to evaluate the patient's satisfaction level should be studied. In this paper, we proposed an experimental method of evaluating it. However, it might be inappropriate for some circumstances.
